The nitrate reduction of the mouse liver homogenate was inhibited by several purines which have free-N at the positions of 1, 3, and 7, such as adenine, guanine, hypoxanthine, xanthine, 6-mercaptopurine, 8-azaguanine and 8-azaxanthine. Since the liver contains xanthine oxidase, the decoloration of methylene blue was promoted by hypoxanthine and xanthine, and it was delayed by other purines.
Formerly, it was demonstrated by Bernheim and Dixon 1) that the aldehyde oxidase of liver is able to reduce nitrate which can simply serve as a hydrogen acceptor in place of methylene blue like in case of the milk xan thine oxidase 2). Several years ago, however, Egami and coworkers3' emphasized that the participation of the aldehyde oxidase in the nitrate reduction of liver should be reviewed, since the reduction was exceedingly inhibited by acetaldehyde, whereas the decoloration of methylene blue had been accerelated. Recent ly, Westerfeld et al. 4) Summarized that methylene blue and nitrate can function as a hydrogen acceptor of the xanthine and aldehyde oxidases of several sources. It is supposed, therefore, that these enzymes might have an intimate connection with the nitrate reduction, though the mechanism could not be elucidated. On the other hand, the con junction of the nitrate reduction with some dehydrogenases was also suggested". 1) F. Bernheim and M. Dixon, Biochem. J., 22, 125 (1928) . 2) M. Dixon and S. Thurlow, Biochem. J., 18, 989 (1924) . 3) F. Egami, S. Suzuki, M. Niwa and R. Sato, J. Chem. Soc. Japan, 71, 226 (1950 In the previous paper6), it was reported that silkworm tissue contains an inhibitor of the nitrate reduction of animal liver and green algae. This inhibitor was isolated and identi fied with uric acid, the main nitrogenous substance in the excrements of insect. Fur thermore, it was found that the decoloration of methylene blue which was settled as an index of the ability of the hydrogen transfer was also retarded by the same compound.
Uric acid (2, 6, 8-trioxypurine) is a catabolic product of nucleic acid by way of the con stituting amino purines, adenine (6-amino purine) and guanine (2-amino-6-oxypurine), and their deaminated compounds, hypoxan thine (6-oxypurine) and xanthine (2, 6-dioxy purine). In addition, the acid may also be formed as the end-product of the protein de gradation and excreted in uricoteric meta bolism such as insect and bird. On the other hand, in ureoterite, e.g. mammalia, uric acid is converted to urea, which has no inhibitory effect on the uitrate reduction, by the catabolic action of uricase system. In fact, it was ob served that the inhibition by uric acid was depressed when it had been worked with the mouse liver homogenate containing the uricase system prior to nitrate reduction, while it was kept constantly in case of the fowl liver which lacks in uricase. Hereupon, the in fluence of the physiological purines, the pre coursors of uric acid, and some substituted analogues were successively investigated.
EXPERIMENTS AND RESULTS
Investigations were carried out with the mouse liver homogenate according to the usual manner 7), except that the homogenate was prepared as follows. Soon after killing mice by decapitation, the washed livers' were homogenized with 10 vol. of M/10 phosphate buffer of pH 6.0 by a glass homogenizer of the Elvehjem type, driven by a small motor and centrifuged sub sequently at 3000 r.p.m., for 5 min. The supernatant was filled up to a concentration of 3g fresh liver per 50ml with the same buffer. On each test, 5ml of the homogenate thus made, were employed as an enzyme preparation. The decoloration of methylene blue was estimated by the procedure described in the foregoing paper 6).
As in the case with uric acid, it was preliminary examined whether or not the disturbance of the colori metric estimation and the disappearance of the reduc tion product, nitrite, had been brought about by purines. In particular, cautious attention was paid to guanine and adenine, since these purines are deaminated chemically by nitrite in acidic media resulting in the decrease of nitrite, as described in a textbook. It was a matter of course that the experimental conditions were identical with those of the nitrate reduction. If such concern are to be realized, one must be prudent in explanation of the results in order to avoid misinter preting due to the outward effect. However, neither detectable significant decrease nor the hindrance of the assay of nitrite was verified under the mild physiologi cal conditions applied. Therefore, if the depression of the nitrate reduction had been recognized, it should be attributed to the net inhibition.
Effect of Natural Purines. The effect of the above mentioned four physiological purines on the nitrate reduction and the decoloration of methylene blue is presented in Table I . Respective test was carried out using the homogenate prepared in a lump, since its activity varies with the materials. Concerning two amino purines, the inhibition of both activities was noticed as with uric acid. By hypoxantine and xanthine, on the other hand, nitrite production was exceedingly suppressed, while the decoloration of dye was conversely accerelated since the mouse liver con tains not only several dehydrogenases but also xanthine oxidase. Furthermore, it was observed that the pro motion of the enzymatic bleaching of dye was decreased as the amounts of substrate supplied was increased, as reported previously by Dixon and Thurlow 8) for milk xanthine.oxidase. They emphasized even qualitatively, that xanthine oxidase can reduce nitrate and that sub stance inhibiting the enzymatic activity would also impede the nitrate reduction, and described the paral lelism in the inhibitory effect of uric acid between the reductions of nitrate and methylene blue. Regarding the mouse liver enzyme, however, such correspondence with hypoxanthine xanthine could not be recognized, although it was supposed that the hindrance of the nitrate reduction may be ascribed to the restriction of the supply of hydrogen from the native substrates, as for only amino purines.
Therefore, a question arose in concern of the anticipation that the purine inhibition of the nitrate reduction is due to the retardation of the xanthine oxidase itself. It has been often experienced that the ability to reduce nitrate is always accompanied with the xanthine and aldehyde oxidase activities in the course of purification. Table II. It may be infered, therefore, that the delivery of hydrogen to nitrate was partly obstructed by hypoxan thine and xanthine, by which the dehydrogenating velocity of enzyme had been highly activated, even if the xanthine oxidase could conjugate with the nitrate reduction. Hence, it is alternatively presumed that the nitrate reduction might be attributed to the catalytic action of the special enzyme which have very close properties with the xanthine oxidase, or that the active principle contributing to the nitrate reduction might differ from that of the xanthine oxidase action in the enzyme protein. It is also surmised that the inhibition may be indebt ed to uric acid but not to its precoursors, because the xanthine oxidase was working in the reaction mixture.
However, the curves showing the relation between the nitrite formation and the reaction-time in Fig. 1 dis closed that the hindrance caused by purines approxi mately agreed with that already caused by uric acid in u short period of 15 min., so that this assumption may not be the case.
Effect
of 6-Mereaptopurine. The purine skeleton consists of both pyrimidine and imidazole rings sharing two C atoms of 4 and 5 positions at the point of fusion. From one to all of the remaining C atoms of the purines examined above, were occupied with side chains of hydroxy and amino groups.
A number of the modifications of the functional groups may lead to an antagonist. Recently such analogues have attracted widespread attention for medical purposes.
6-Mercapto purine in which a sulfhydryl was introduced at the 6'C is one of such derivatives and is placed on the list of drugs as an antileucaemia having the commercial name of " Merun "
As shown in Table III the amounts of the former two. So, it may be supposed that the effect of 8-azaguanine was predominant and obscured the effects of other purines, while it was weakened by aldehyde.
Effect of N-Methyl Purines. The purines studied so far have side chains at C atoms of the purine ring. On the contrary, N-methyl derivatives such as caffeine (1, 3, 7-trimethyl xanthine) and theophylline (1, 3-dimethyl xanthine) are contained in plant. As it is well-known, these compounds are also for medical use. It will be seen from the figures in Table VI 
